Abstract. Husodo T, Febrianto P, Megantara EN, Shanida SS, Pujianto MP. 2019. Diversity of mammals in forest patches of Cisokan, Cianjur, West Java, Indonesia. Biodiversitas 20: 1281-1288. Most species on Java, Indonesia are ecologically associated with or dependent on forests, the island's high deforestation rates are a major threat to its species. Until now, various efforts to conserve mammals are still focused on natural ecosystems, such as forests. There has not been much research on mammals carried out specifically in non-conservation forest areas, whereas many regions in Indonesia have extensive community lands in the landscape and are directed to be areas that have a conservation function, besides still functioning as a production system. Therefore, it is necessary to examine the diversity of mammals that are still found in Cisokan especially those that have high conservation status and their habitat. Combination of several research methods applied, such as semi-structured interview, sign survey, direct observation, camera trapping, and collapsible trap. Mammalian diversity in the Cisokan forest patched is found in 26 species and among them are endangered species, such as Javan Leopard, Pangolin, and Slow Loris. These three species occupy diverse land cover from natural forest to human lands, such as production forests, settlements, rice fields, and agroforestry or mixed gardens. The existence of these species on human land has the potential for human-wildlife conflict, so it needs to be studied further in wildlife management in Cisokan.
INTRODUCTION
Most species on Java are ecologically associated with or dependent on forests, the island's high deforestation rates are a major threat to its species (Meijaard and Pene 2014) . The high rate of deforestation is partly due to the high level of human expansion into the natural habitat of wildlife. This is often caused by population growth and economic factors, thus triggering the occurrence of encroachment activities, land conversion, hunting, and wildlife trading (Sulistyadi 2016) . At present, only about 1.1 million hectares of forest remain in Java (Prasetyo et al. 2013) , covering around 7% of the land area. The activity of forest encroachment and land conversion produced forest patch. It is assumed that there are still animals that have REEPS status (Rare, Endangered, Endemic and Protected Species) in the forest patch. The high anthropogenic factors carried out continuously without any act of conservation in the forest area will threaten the animals inside the forest patch.
In addition, collection and hunting pressure is also high. The Javan Tiger became extinct in the 1960s and the Javan Rhino is nearly extinct with only some 40 animals remaining in the world. Mammal species, such as pangolins highly valued for the medicinal trade and increasingly rare in the wild. Thus, there are few forests on Java that remain pristine and with a complete fauna (Meijaard and Pene 2014) . One of the locations on Java that has high biodiversity is in Cisokan as a non-conservation forest area. Of the animals found so far in Cisokan, several mammals are of immediate global conservation concern with two species, the Javan Slow Loris and the Javan Leopard being considered Critically Endangered on the IUCN Red List of Threatened Species. This means that they are facing an extremely high risk of extinction in the wild (Meijaard and Pene 2014) .
Until now, various efforts to conserve mammals are still focused on natural ecosystems, such as forests. There has not been much research on mammals carried out specifically in non-conservation forest areas, whereas many regions in Indonesia have extensive community lands in the landscape and are directed to be areas that have a conservation function, besides still functioning as a production system. Therefore, it is necessary to examine the diversity of mammals that are still found in Cisokan especially those that have high conservation status and their habitat.
Previous studies of biodiversity have been conducted in the Cisokan area, such as ANDAL-PT. PLN (2007) ; Rahmat (2009); LIPI (2011 LIPI ( , 2012 and UNPAD (2014a) . In 2017, this research was conducted to determine the latest condition of mammals by using a combination of several research methods, so that expected information related to the mammal species can be more comprehensive.
MATERIALS AND METHODS

Study area
Cisokan located on the border between West Bandung and Cianjur. The location area is 775.6 Ha and this area has hilly contours and steep slopes with altitude 400-1000 m asl. Cisokan area is part of the Southern mountainous in West Java (Meijaard and Pene 2014) . This geographic condition causes still preserved biodiversity of flora and fauna. A total of 15 sampling sites were selected based on interview and desk study (Figure 1 ). Figure 1 . Location of the 15 sampling sites at Cisokan, West Java, Indonesia Figure 1 .
Procedures
The data collection technique in this study was conducted by qualitative methods by combining several methods, such as direct observation, camera trapping, and collapsible traps, semi-structured interviews, and sign surveys. Observations were made on mammals, except for bats, because no special research methods for bats were carried out.
Semi-structured interview
The semi-structured interview aims to identify potential sites as the habitat and existence of mammals in Cisokan. Questions are prepared first in the form of interview guidelines and the other questions can appear naturally or spontaneously during conversations with informants (Iskandar 2012) . Informants were selected by the snowball sampling technique. According to Iskandar (2012) , informants were selected purposively based on their competencies rather than representative populations, considering the diversity (triangulation) based on existing categorizations. The categorization of informants in this study was hunters, community elders, and buffalo herders, and farmers. A main or key informant was chosen from all informants to collaborate more actively in research and was chosen using criteria set by the researcher (Albuquerque et al. 2014) .
Sign survey
Sign surveys intended to find the existence of animals based on signs of existence that left in nature (Boitani and Powell, 2012) . Any sign of mammal species found, either directly or indirectly (feces, tracks, hair/thorn e.g. porcupine, and nest) are recorded about species, number, and location of the sign (Fragoso et al. 2016 ). In addition, leftover and scratch of carnivore species should be recorded. Various signs of mammals existence that was found should be measured and were documented. According to Raharyono and Paripurno (2001) that if footprints are found, it is necessary to observe how far the signs are left behind. Searching for signs of animal's existence is traced to the pathway, under a large tree, splitting a banquet root, or on a flat rock that tends to be protected or hidden (Raharyono and Paripurno 2001) . In addition, it is also done on the banks of rivers and large rocks, paddy fields, and holes between rocks.
According to Raharyono and Paripurno (2001) that the search for tracks is traced to the pathway. When finding footprints, measurements of the length, width, and depth of the tracks are carried out. Other records, such as single or plural footprints, distance between footprints, the width of footprints, and description of footprints such as stacked footprints, and others.
Identification of feces is measured in the form of feces (bolus, shaped like a paste, etc.), if it is a bolus then count the number of the bolus, the length of the feces, the largest bolus width, age of feces, and composition of feces. In addition, it is also possible to find footprints around the feces (Raharyono and Paripurno 2001) . The composition of feces such as hair and teeth of prey is identified with the help of key informants (hunters) who know well about animals.
Scratches, especially the scratches of large cats are traced by examining the trees near the path. If you find scratches in a tree, various measurements are taken such as the length of the scratch, the distance between the scratches, the height of the scratches from the ground, the height of the first branch, and the scratch pattern. Scratches must be observed carefully. On the scratches, it is possible to find nails and leg hair left behind, especially in tree bark fibers. Nail can usually be found at the end of scratches and snagging. Hairs that left behind when doing a scratching can be found along the edge of the scratches or right-left area of the wound that is often scratched by the animal (Raharyono and Paripurno 2001) . Around the scratching, trace if there are footprints or scratches on the ground.
Nests are traced to holes in the ground, holes in dead trees, cavities under dead trees, and holes under rocks (Wirdateti 2013) . Nest searching can also be done at rock holes at the edge of the river. Active or inactive nests are identified through the age of feces, tracks, leftover, and the presence of spiderwebs. The active nest is measured by the length, width, and depth of the nest.
Direct observation
Survey was conducted to find arboreal mammals in the morning (06.00 a.m. -11.00 a.m), in the evening (03.00 p.m. -06.00 p.m.) and at night (07.00 p.m. -10.00 p.m.) for nocturnal mammals. Observations conducted on the following transects on the path with modified transect width adjusting to the field conditions, and pausing every 10 minutes at the optimum speed of 1 km/h (Struhsaker et al. 1981) . Signs of the mammals' existence that need to be considered include movement of tree branches and sounds. If animals are found, record the number of groups and individuals in each group, and the number of sexes in the group.
Camera trapping
Camera trap installation is done to optimize the observation time for 24 hours. The installation period of at least 2 weeks using 16 camera trap units. Two units are programmed to capture images in hybrid mode (photos and videos), others in the program in photo mode. Camera trap with the hybrid mode is set to be able to capture videos of animals with a duration of 10 seconds, while the photo mode is set to be able to capture images of animals with a duration of 1 second.
The location of the camera trap installation was chosen from the location recommended by the local community, previous research, and based on the presence of signs to increase the chances of mammalian encounters. Installation of camera traps was not carried out at the 15 sampling locations and each station is only installed in 1 unit and not installed simultaneously. Camera traps are mounted on tree trunks with an average height of 30-40 cm above the ground and facing a path with a distance of about 2.5 -3 m (Ancrenaz et al. 2012; Ario 2007; Rowcliffe 2008) .
Collapsible trap
Collapsible traps are used for small mammals, such as collapsible Sherman trap and collapsible wire traps. For most terrestrial small mammals, Sherman's live trap has become a foldable, very portable and efficient trap of choice (Hoffmann et al. 2010) . The number of Sherman trap and wire trap is 15 traps with a total of 30 traps. Trap installation was conducted for two days at the determined sampling location. The placement of the trap was not carried out at all sampling sites due to limited time and surveyor personnel, only carried out on several sampling sites, including Curug Walet, Cilengkong, Cigintung, Ciawitali, and Cibayawak. The bait used was peanut butter which had been mixed with oats and wrapped in gauze. According to Hoffmann (2010) , standard bait among many mammalogists is oatmeal flavored with peanut butter.
For inventories of small terrestrial mammals, the easiest approach is to place traps at equal intervals along a line. Spacing distances are a function of habitat complexity. Traps in more complex habitats should be more closely placed (Hoffmann et al. 2010) . We recommend that a trapline ideally be about 150 m long, with traps placed every 10 to 15 m (Muhlenberg 1993 in Hoffmann et al. 2010; Jones et al. 1996) , but this design has to be adapted to the respective habitat conditions and target species. Whatever the spacing, to increase the trap success, traps should be placed at habitat features (e.g. log, rocks, tree, runways, burrows, bush clusters) as long as the point (Hoffmann et al. 2010) . We recommend placing two traps at every station to reduce the saturation of traps by very abundant species. This practice increases the chance of trapping animals that are less active, less attracted to traps (Drickamer 1987 ). Each trap station should have at least one Sherman trap, which can be combined with any other trap type available (Corbet and Harris 1990) .
Data analysis
Analysis of qualitative data must consider the consistency of two perspectives, namely the perspective of the informant (emic) and the analysis of the researcher (ethics). In addition, when collecting interview results, researchers must always be able to check the validity of the data (Iskandar 2012) . Qualitative data were analyzed crosschecking, summarizing, synthesizing, and narrative account sequence (Newing et al. 2011) .
Animals caught during camera trap installation period were identified using a guidebook by Francis (2001) . The identification of the footprint was identified using guidebooks by van Strien (1983), Atmoko et al. (2012) , and Payne and Francis (2000) .
RESULTS AND DISCUSSION
Mammalian diversity
Mammals found in Cisokan are 26 species (see Table  2 ). Based on the sampling sites, mammals tend to be concentrated in the Batu Nagok, Japarana, and Curug Walet blocks which are dominated by natural forest land cover, so it is assumed that mammals use natural forests as their habitat. In addition, these three locations are adjacent to the river as fulfillment of water sources, including the Cisokan River and Cirumamis River. Primates are often found on the riverbank. These locations are far from settlements even though there is still agricultural activity around natural forests. Other blocks such as Cilengkong, Pasir Taman, Cigintung, and Ciawitali are also found in mammals with land cover types dominated by production forests or agroforestry or Perhutani forests. The diversity of crops cultivated between perennials and agricultural crops allows for a longer food and energy chain. This condition will further support the creation of high biodiversity (Biodiversity). Agroforestry that has been arranged with high species diversity and good canopy composition can be a habitat for several species, such as primates, bears, and terrestrial mammals (Widiyanto 2013).
Several species always found in various types of land cover, such as natural forests, production forests, shrubs, rice fields, and agroforestry, including Javan Leopard and Wild Boar. This shows that these species have a high tolerance level for environmental changes. In addition, predator-prey relationships occur where leopards follow the presence of wild boar.
Some species of mammals found have Critically Endangered status by IUCN (2018) and Appendix I by CITES (2018), including Javan Leopard (Panthera pardus melas), Pangolin (Manis javanica), and Slow Loris (Nycticebus javanicus). Javan leopard is more commonly found in natural forests than other land covers, which is assumed that Javan leopard uses natural forests to meet their daily needs The main habitat for Javan leopard consists of heavily vegetated forests that are difficult for humans to access, and also the areas have steep topography (> 40% slope) and remote areas such as deep valleys or high hills that are difficult to reach. Similarly, African leopard prefers thick bushes in rocky environments and riverside forests as their main habitat. Leopards are particularly fond of areas that have trees for shelter and lurking activities as they are strong climbers (Gunawan et al. 2012) . Besides being found in natural forests, leopards in Cisokan are also found in production forests -pine forests where there are many human activities and planting coffee plants (Shanida et al. 2018 ). According to Gunawan et al. (2012) , the Javan leopard does not only use pine forests exclusively as its main habitat, but it also uses other types of vegetation for its daily activities, even it uses caves, rocky outcrops, and grooves or dried rivers as its shelter.
Muridae
Rattus argentiventer (Robinson and Kloss, 1916 This shows that the leopard's home range overlaps with human land, so it has the chance of a human-leopard conflict. It needs to be studied further about the potential for human-leopard conflict in Cisokan based on threats and disturbances that affect mammals, especially leopards that are endangered.
Another species, Slow Loris, also has the potential for conflict with humans, as seen from its existence found in settlements, plantations, and agroforestry. According to Withanigsih (2019) that the local people living around the habitat of the Javan slow loris have high-intensity activities in the location of the habitat, so the possibility of damage to the habitat, as well as the opportunity to have direct contact with these animals, is also high. Therefore, local people play a very important role in direct protection, by not hunting or destroying their habitat.
Pangolins are commonly found in shrubs, agroforestry, natural forests, and production forests. Pangolins live in more than one habitat such as primary forest, secondary forest, event in plantation area of rubber, palm oil, or even in open spaces near human settlement areas (Lekagul and McNeely 1977; Davies and Payne 1982; Nowak 1999) . In other areas in Indonesia like in Tanggamus and Lampung Barat Regencies, Pangolin was found in the production forest and secondary forest (Wirdateti et al. 2013) .
In Cisokan, threats to Pangolin's existence continue to occur, such as hunting, trading, and land clearing for agriculture. Human activity in land cultivation might cause disturbance to Pangolins and led to the Pangolin's inability for nesting in the disturbed site . Pangolin is a sensitive wild animal reacting to human activity. They tend to make their nests/burrows at least 1000 m from the disturbance sources. This is because Pangolins cannot adapt well to a noisy situation. The noise coming from other animal or livestock and human voices would interrupt Pangolin activity and mostly would scare them off resulting in stress for the Pangolin (Wu et al. 2003; Sawitri et al. 2012) .
Comparison of studies in Cisokan
Within 10 years (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) (2017) several species were always found in each of their studies, such as Wild Boar, Javan leopard, Pangolin, Javan Gibbon, etc (see Table 3 ). This shows that the habitat in Cisokan can still fulfill its needs. In addition, as discussed earlier, the source of leopard's prey is always available every year as evidenced by the discovery of wild boar every year of study. The other leopard's prey, such as long-tailed Macaque, Javan Langur, and Grizzled Leaf Monkey also found in every year of studies.
However, the assumptions that habitat in Cisokan can still fulfil their needs do not indicate that there are no threats and disturbances to the habitat and mammals, so it needs to be studied further about the characteristics of mammalian habitats in Cisokan and the threats and disturbances that affect mammals in Cisokan. Endangered species such as Javan Leopard and Pangolin are always found every year of their studies but need to be studied further the condition of the population of these species, so it is necessary to do wildlife management in Cisokan. In conclusion, mammalian diversity in the Cisokan forest patched is found in 26 species and among them are endangered species, such as Javan Leopard, Pangolin, and Slow Loris. These three species occupy diverse land cover from natural forest to human lands, such as production forests, settlements, rice fields, and agroforestry or mixed gardens. The existence of these species on human land has the potential for human-wildlife conflict, so it needs to be studied further in wildlife management in Cisokan.
